I
N comparison with boron hydrides and their ions the closed polyhedral B l oHlO-2 of D4d symmetryI·2 and B12H12-2 of icosahedral symmetry3 are so extraordinarily stable that they can be regarded as pseudoaromatic in character. They have also been reported 4 to form a very interesting series of substitution derivatives, as yet incompletely identified, of the type This indication that a large number of sequentially substituted derivatives can be prepared has led us to make predictions of reactivities of the B 10 H lO -2 and B12H12-2 ions in an effort to include resonance and inductive effects in unsubstituted and substituted polyhedral ions as formulated by an extension of our LCAO-MO descriptions· of B 10 H lO -2 and B 12 H 12 -2. We are encouraged by the initial prediction, verified by experiment 2 . 4 that apparent electrophilic attack by D+ appears to produce preferential exchange in B lO H 10 -2 at the two apices, which are more negatively charged than the eight other B atoms.
Formulated in terms of a specific example, the question investigated here is the following: Suppose that attack by a halogen is electrophilic and that successive published) . We then assume that electrophilic attack will be most likely to take place at the most negative site of the polyhedron, this being an apex in B 10 H lO -2 [ Q (apex) = -0.535, Q (equatorial) = -0.116J,6 or any position in B 12 H 12-2. Once the substituent is one we inquire about the new charge distribution. A more complex calculation is then avoided by simulating the effect on the substituted boron. For this purpose the required atom-atom polarizabilities, i.e., changes in charge with respect to variation of an in or surface a have been 6 The parameters used in the calculation were a(2s) = -15.36 eV, a(2p)=-8.63 eV, K=-23eV for B 12H 12-2, K=-20 eV for BIOH10-2. The reaction pathways are insensitive to small changes inK. computed. These polarizabilities are given in Table I , except for aqjaasurface for B 12 H 12 -2 which have already been written down elsewhere. 5 We now make the following association with aromatic reaction theory. We presume we have substituents which act as sources or sinks of electronic charge by either a resonance R or an inductive I mechanism. The resonance interaction is probably predominant, stabilizing structures in which substituents have 7r orbitals which are available for extension of polyhedral delocalization. We simulate a resonance effect by a change in the surface Coulomb integral of the substituted site, an inductive effect by a change in the corresponding in Coulomb integral. For + R, +1 the substituent is a source of electrons; this effect is approximated by making the substituted site positive, i.e., da>O. For -R, -I the substituent is a sink and we therefore make the substituted site negative by setting da<O.
The first clear result is that in apex substituted BlOH9X-2 electrophilic substitution should proceed at the other apex regardless of the nature of the substituent. Subsequently there will be eight equivalent sites left. From this point on we consider each molecule separately. 1, 2, 3, 5, 8, 9, to, 11 1, 2, 3, 4, 5, 7, 8, 9 1, 2, 3, 4, 5, 6, 7, 8 9 1, 3, 4, 5, 6, 7, 9, to, 12 1, 2, 3, 4, 5, 6, 7, 8, 9 10 1, 2,3,4, 5, 6, 7, 9, 10, 12 1, 2, 3, 4, 5, 6, 7, 8, 9 (Fig. 1) Neighboring atoms become most negative and substitution propagates around first substituted site. If site 1 is attacked first, the next substituent should go on a t position 4, 5, 8, 9, or 11. If it goes at 4, positions 8, 10, 11 succumb next, etc. The notation we will use to indicate the process is a sequence of 12 numbers which give, in order from left to right, one symmetry equivalent pathway for sequential attack at the enumerated sites. Thus for the case discussed above, the sequence i~ 1, 4, 5, 8, 9, 11,3, 6, 7, 2, 10, 12. B lO H 10 -2 (Fig. 1) As stated above, the sequence is apex 1, apex 2, followed by 3, 7, 4, 8, 6, 9, 5, 10. Case II.
-R, -1; ~ai<O
Here there are 15 symmetry nonequivalent pathways to fill the polyhedron, listed in Table II ; relative multiplicities of the paths are also given. Enantiomeric pathways are not distinguished. For the -R the matter is complicated by the presence often of two possible pathways of similar but unequal probabilities. The source of the difficulty is that for -R if, say, ~al <0 then the most negative sites are 3, 6, 7, 10, 12 (a), but site 2 (b) is almost as negative and may react also. The final column of Table II gives a sequence of a's and b's which indicate how many "decisions" of this type are confronted in following a given path. To find the multiplicity of a given route being traveled, the geometric multiplicity must be multiplied by an appropriate weighting factor anb m where a/2 is the probability of choosing a when confronted with one a and one b; b=2-a, 1:::; a:::; 2. For -I, a=b=l, and the criterion of distinguishability of pathways is purely geometrical.
B 10 H lO -2
For -R one sequence is predominant; apex 1, apex 2, followed by 3, 9, 4, 8, 5, 10, 6, 7 . For -Ian ambiguity similar to the one for -R B 12 H 12 -2 arises. There are four alternate pathways, which are listed, along with their multiplicities and weights in Table II .
From the above considerations we may thus attempt to make a prediction of the distribution of geometrical isomers for a given n in B1,HN_nXn -2.
In criticism of the above treatment there are factors related to the validity of our basic assumptions which may require an extension of this relatively simple theory, if experimental results so demand: (a) an assumption, such as sequential instead of coordinated attack by halogen, may have to be modified, or, (b) there may be competing rearrangements of the framework, such as those discussed by Kaczmarczyk, Dobrott, and Lipscomb 2 for BlOHlO-2. For example, a motion of only about 0.35 A of B atoms will convert an icosahedron into a cube octahedron. Two such consecutive transformations may lead to isomerization of 1,4-B 12 X 2 H lO -2 to 1,1O-Bl~2HlO-2. If the physical conditions, e.g., high temperature, favor such motions of the framework, complete randomization may result, but there is some evidence 2,4 that these isomerization reactions may be relatively slow, at least for BlOHlO-2.
Nevertheless, we think it worthwhile to compute expected isomer ratios for ratios are also given in Table III . Presumably in the reaction with halogens the + R effect is most important j however, the most interesting results should arise from -Rand -1 substituents.
It is, in our opinion, too early to extend these results into a more generally valid substituent theory of these polyhedral molecules in a way comparable with the present theory of aromatic molecules. However, such an extension is clearly possible, and will be made if these preliminary theoretical findings are closely verified by experiment. The preliminary comparisons on B 10 H lO -2 are at least encouraging, and hence the area of polyhedral molecules may form an ideal test for LCAO-MO theories of reactivity.
